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1
DEGRADATION MONITORING SYSTEM
FOR HOSE ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to U.S. Provisional
Patent Application No. 61/480,924, filed Apr. 29, 2011, the
disclosure of which is hereby incorporated by reference in
its entirety.

BACKGROUND

High pressure reinforced hydraulic hose is typically used
on a variety of fluid power operated machines, such as
earth-moving machines, to provide a flexible connection
between several moving parts of a hydraulic circuit
employed on or within the machine. Such hoses may include
a hollow polymeric inner tube on which successive cylin-
drical layers of reinforcing material, such as wire or textile,
are concentrically applied to contain the radial and axial
pressures developed within the inner tube.

Many applications are demanding hose constructions with
both high burst strength and long term fatigue resistance.
Using conventional technology, the burst strength of a hose
design may be increased by adding additional reinforcing
material and/or layers, a practice which is generally discour-
aged because of its negative impact on the flexibility of the
hose, or by universally increasing the tensile strength of each
layer of reinforcement material, which may come at the
expense of hose fatigue resistance.

To determine the robustness of a hose design, a hose
manufacturer typically performs, among other tests, an
impulse test and a burst test on the hose. An impulse test
measures a hose design’s resistance to fatigue failure by
cyclically subjecting the hose to hydraulic pressure. A burst
test, on the other hand, is a destructive hydraulic test
employed to determine the ultimate strength of a hose by
uniformly increasing internal pressure until failure. Based
on these and other tests, a manufacturer can estimate a hose
life that can be used to determine when a hose has reached
the end of its life and may require replacing.

In some circumstances, it is desirable to detect, in a
non-destructive and non-disruptive manner a likelihood of
failure of a hydraulic hose. One solution providing this
capability is discussed in U.S. Pat. No. 7,555,936, and
discloses connecting a monitor circuit between two parallel,
at least partially-conductive layers of a hose wall. A change
in an electrical property observed by that monitor circuit
may indicate a change in a property of the hose wall
structure that might indicate impending failure of the hose
wall. However, even with this solution, it can be difficult to
determine whether the changed electrical property is in fact
due to a change in a physical feature of a hose wall, or if the
changed electrical property is due to a change in the sensing
electronics, a change in an electrical property of a harness
connecting the monitoring circuit to the hose wall, or simply
degradation of an electrical connection to the hose wall. In
these cases, there may be a change in an electrical property
observed, even when hose wall integrity is not compro-
mised.

SUMMARY

An aspect of the present disclosure relates to a hose
degradation monitoring system. The system includes a hose
assembly including a hose having a first conductive layer
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and a second conductive layer, and a monitoring circuit in
electrical communication with the first and second conduc-
tive layers. The degradation monitoring circuit includes a
circuit element having a non-linear electrical property in
response to changed voltage.

A second aspect of the present disclosure relates to a
method of monitoring degradation of a hose assembly. The
method includes applying a first voltage across a circuit
element connected between first and second conductive
layers of a hose assembly, and concurrently detecting a first
electrical characteristic of the circuit element. The method
further includes applying a second voltage across the circuit
element, the second voltage different from the first voltage,
and concurrently detecting a second electrical characteristic
of the circuit element. The method also includes calculating
an electrical characteristic of the hose assembly based at
least in part on the first and second electrical characteristics.

A third aspect of the present disclosure relates to a hose
degradation monitoring system that includes a hose assem-
bly, a monitoring circuit, and a monitoring assembly. The
hose assembly includes a first conductive layer and a second
conductive layer, and the monitoring circuit includes a diode
electrically connected between the first conductive layer and
the second conductive layer. The diode has a resistance that
changes non-linearly as a function of voltage applied across
the diode. The monitoring assembly includes a housing and
a circuit board, with the circuit board positioned in a channel
of the housing and including electrical contacts oriented
toward the hose assembly. The electrical contacts electri-
cally connect the monitoring circuit to the first and second
conductive layers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial cross-sectional view of an exemplary
hose assembly employing a fault detector having exemplary
features of aspects in accordance with the principles of the
present disclosure.

FIG. 2 is a perspective view, partially cut away, illustrat-
ing an exemplary hose employing a braided conductive layer
that is suitable for use with the hose assembly of FIG. 1.

FIG. 3 is a perspective view, partially cut away, illustrat-
ing an exemplary hose employing a spiral wire conducting
layer that is suitable for use with the hose assembly of FIG.
1.

FIG. 4 is an exploded perspective view of a monitoring
assembly installable on a portion of a hose illustrated in FIG.
1.

FIG. 5 is an exploded perspective view of a housing
forming a portion of the monitoring assembly of FIG. 4.

FIG. 6 is a perspective view of a circuit board encased by
the housing of FIG. 5.

FIG. 7 is a side plan view of the circuit board of FIG. 6.

FIG. 8 is a top plan view of the circuit board of FIG. 6.

FIG. 9 is a schematic trace view of the circuit board of
FIG. 6.

FIG. 10 is a generalized schematic view of a monitoring
circuit included in the monitoring assembly of FIGS. 4-10,
as integrated with the hose assembly of FIGS. 1-3.

FIG. 11 is a logical circuit representation of components
of an integrated monitoring assembly and hose assembly of
FIG. 10.

FIG. 12 is a schematic view of a diagnostic unit useable
in conjunction with the monitoring assembly of FIGS. 4-9.
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FIG. 13 is a representation of a method for monitoring the
structural integrity of the hose assembly of FIG. 1.

DETAILED DESCRIPTION

Reference will now be made in detail to the exemplary
aspects of the present disclosure that are illustrated in the
accompanying drawings. Wherever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or like structure.

Referring now to FIG. 1, an exemplary hose fault detec-
tion system, generally designated 10, is shown. The hose
fault detection system 10 includes a hose assembly, gener-
ally designated 12, and a monitoring assembly 14 in elec-
trical and physical communication with the hose assembly
12.

The hose assembly 12 includes a hose, generally desig-
nated 16, having a multi-layer construction. In the subject
embodiment, the hose 16 is generally flexible and includes
an inner tube 18 made from a polymeric material, such as
rubber or plastic, or another material depending on the
requirements of the particular application, a first conductive
layer 20, an intermediate layer 22, a second conductive layer
24 and an outer cover 26. The first and second conductive
layers 20, 24 define an electrical characteristic of the hose
assembly 12, such as resistance.

In the subject embodiment, the first conductive layer 20
overlays the inner tube 18 and the intermediate layer 22
overlays the first conductive layer 20. The second conduc-
tive layer 24 overlays the intermediate layer 22. The first and
second conductive layers 20, 24 may be configured as
reinforcing layers. The outer cover 26 may overlay the
second conductive layer 24, and may include, for example,
an extruded layer of rubber or plastic. The outer cover 26
may itself include a reinforcing layer.

The intermediate layer 22 operates to at least partially
insulate electrically the first and second conductive layers
20, 24 from one another. The intermediate layer 22 may have
any of a variety of constructions. For example, the interme-
diate layer 22 may consist of a single layer of an electrically
resistive material. The intermediate layer 22 may also con-
sist of multiple layers, wherein at least one of the layers
exhibits electrical insulating properties. Certain composite
materials may also be employed in the intermediate layer 22,
such as a woven fabric bonded to a polymeric material.
Composite materials having various other constructions may
also be utilized. Composite materials may also be used in
combination with other materials to form the intermediate
layer 22.

The first and second conductive layers 20, 24 generally
extend the entire length and span the entire circumference of
the hose. This is generally the case when the conductive
layer also functions as a reinforcement layer. The interme-
diate layer 22 may also extend over the entire length and
circumference of the hose. There may be instances, however,
where at least one of the first and second conductive layers
20, 24 extends only over a portion of the hose length and/or
a portion of its circumference. In that instance, the interme-
diate layer 22 may also be configured to generally extend
over the region of the hose containing the partial conductive
layer 20, 24. The partial intermediate layer 22 may be
positioned within the hose so as to separate the first and
second conductive layers 20, 24 from one another.

Referring now to FIGS. 2 and 3, the first and second
conductive layers 20, 24 may include, for example, an
electrically conductive braided reinforcement material, such
as shown in FIG. 2, or alternating layers of electrically
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conductive spiral reinforcement material, such as shown in
FIG. 3. The braided reinforcement material may consist of
a single layer or may include multiple layers. Although a
two-wire spiral reinforcement arrangement is depicted in
FIG. 3, it shall also be appreciated that other configurations,
such as four and six wire arrangements, may also be utilized.

The first and second conductive layers 20, 24 may each
have the same configuration, or each layer may be config-
ured differently. For example, the first and second conduc-
tive layers 20, 24 may each include the braided material
shown in FIG. 2, or one of the first and second conductive
layers 20, 24 may include the braided material while the
other of the first and second conductive layers 20, 24 may
include the spiral reinforcement material shown in FIG. 3.
Additionally, the first and second conductive layers 20, 24
may include a single ply or multiple plies of reinforcement
material. The first and second conductive layers 20, 24 may
comprise metal wire, natural or synthetic fibers and textiles,
and other reinforcement materials, provided the selected
material is electrically conductive.

Referring again to FIG. 1, the hose assembly 12 may
include a hose fitting, generally designated 30, for fluidly
coupling the hose 16 to another component. The hose fitting
30 may have any of a variety of different configurations
depending, at least in part, on the requirements of the
particular application.

In the subject embodiment, the hose fitting 30 includes a
nipple, generally designated 32, that engages the inside of
the hose 16 and a socket, generally designated 34, that
engages the outside of the hose 16. The nipple 32 includes
an elongated cylindrical end portion 36 that engages the
inner tube 18 of the hose 16. A cylindrically shaped end
portion 38 of the socket 34 engages the outer cover of the
hose 16. The socket 34 and nipple 32 may be constructed
from an electrically conductive material.

The socket 34 and nipple 32 can be secured to the hose 16
by crimping the end portion 38 of the socket 34 overlaying
the hose 16. The crimping process deforms the end portion
38 of the socket 34, thereby compressing the hose 16
between the nipple 32 and the socket 34. In the subject
embodiment, the portions of the nipple 32 and the socket 34
that engage the hose 16 include a series of serrations that at
least partially embed into the relatively softer hose material
when the socket 34 is crimped to help secure the hose fitting
30 to the hose 16. The serrations may be configured to
prevent the serrations from penetrating the inner tube and
outer cover and contacting the first and second conductive
layers 20, 24.

In the subject embodiment, the socket 34 includes an
inwardly extending circumferential lug 40 positioned near
an end 42 of the socket 34 adjacent an end 44 of the hose 16.
The lug 40 engages a corresponding circumferential slot 46
formed in the nipple 32 for securing the socket 34 to the
nipple 32. The end 42 of the socket 34 having the lug 40 is
initially formed larger than the nipple 32 to enable the socket
34 to be assembled onto the nipple 32. During the assembly
process the end 42 of the socket 34 is crimped, which
deforms the socket 34 and forces the lug 40 into engagement
with the corresponding slot 46 in the nipple 32. The socket
34 can be electrically insulated from the nipple 32 by
positioning an electrically insulating collar 48 between the
socket 34 and nipple 32 at the point the lug 40 engages the
slot 46.

The hose fitting 30 also includes a nut 50 rotatably
attached to the nipple 32. The nut 50 provides a means for
securing the hose assembly 12 to another component.
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The first conductive layer 20 may be configured to extend
beyond the end of the inner tube of the hose 16. The first
conductive layer 20 may engage the nipple 32 to create an
electrical connection between the nipple 32 and the first
conductive layer 20. Similarly, the second conductive layer
24 may be configured to extend beyond an end of the outer
cover of the hose 16. The second conductive layer 24 may
engage the socket 34 to create an electrical connection
between the socket 34 and the second conductive layer 24.

To help prevent the portions of the first and second
conductive layers 20, 24 that extend beyond the end of the
hose 16 from contacting one another, an electrically insu-
lating spacer 52 may be positioned between the exposed
ends of the first and second conductive layers 20, 24. The
spacer 52 may be integrally formed as part of the collar 48
used to electrically insulate the socket 34 from the nipple 32.
The spacer 52 may also be formed by extending the inter-
mediate layer 22 of the hose 16 beyond an end of the inner
tube 18 and outer cover 26. The spacer 52 may also be
configured as a stand alone component separate from the
collar 48 and the intermediate layer 22 of the hose 16.

The monitoring assembly 14 may have any of a variety of
configurations. In general, the monitoring assembly 14 is
connectable over a portion of the hose assembly 12, in
particular the portion illustrated in FIG. 1. The monitoring
assembly 14, when installed over hose assembly 12, forms
a physical and electrical connection with the hose assembly
12, and in particular to nipple 32 and socket 34, respectively.
Generally, the monitoring assembly 14 detects an electrical
characteristic of the hose assembly 12, while validating the
connection to the nipple 32 and socket 34. An exemplary
monitoring assembly 14 is described in further detail below,
in connection with FIGS. 4-11.

Referring now to FIGS. 4-9, additional structural details
of an example monitoring assembly 14 installable on a
portion of the hose assembly 12 are shown. The monitoring
assembly includes housing 100 and a circuit board 102.

In the embodiment shown, the housing 100 includes first
and second shell pieces 104a-b which are shaped to be
joined together to form the generally hollow cylindrical
housing 100, which is sized and positioned to enclose an end
portion of the hose assembly 12. The housing 100 includes
a channel 106 within at least one of the shell pieces 104a-b
within which the circuit board can be seated and positioned
to engage the hose assembly 12. In some embodiments, the
channel 106 has an open end 107, allowing wire leads to
enter the housing 100 and connect to the circuit board 102.

The shell pieces 104a-b include complementary snap-fit
connectors 108, 110 positioned on opposed mating edges
112 of the shell pieces, such that the shell pieces 104a-b can
be disengageably interconnected. In alternative embodi-
ments, the housing 100 can be constructed from one or more
shell pieces, and can be constructed to be either disengage-
able or sealed around the hose assembly 12. In some
embodiments, the shell pieces can be formed from plastic,
and are weather resistant to protect the circuit board 100.

When the shell pieces 104a-54 are joined, the housing 100
forms a generally hexagonal inner surface 113 along one end
that is complementary to the nut 50. Additionally, a band 114
is formed circumferentially along the housing 100 over the
end 42 of the socket 34. The band 114 prevents the housing
from sliding off the hose assembly 12 in the direction of the
nut 50, or down along the length of the hose 16. Addition-
ally, because in this embodiment the nut 50 has a diameter
generally smaller than the hose 16, the housing 100 will not
slide down the length of the hose 16.
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Referring now specifically to FIGS. 6-9, the circuit board
102 includes two pairs of contacts 116a-b, 118a-b, and a
circuit element 122. In the embodiment shown, the circuit
element 122 is a diode, additional details of which are
discussed below in connection with FIGS. 10-13. The circuit
board 102 is positioned within the channel 106 of the
housing 100, such that a front face (i.e., a side of the circuit
board including the contacts 116a-b, 118a-b and circuit
element 122) of the circuit board is oriented toward the hose
assembly 12.

In the embodiment shown, when positioned within the
channel 106 the first pair of contacts 116a-b are each
positioned to electrically connect to nipple 32, and the
second pair of contacts 118a-b are positioned to electrically
connect to socket 34. Wire connection pads 120 are con-
nected to the first and second pair of contacts 116a-b,
118a-b, respectively, as well as a circuit element 122, via
circuit board tracks 124, to form the circuit illustrated in
FIGS. 10-11, below. Wire connection pads 120 can receive
soldered or otherwise electrically bonded connections to
wires leading to a diagnostic unit, an example of which is
illustrated in FIG. 12.

FIG. 10 illustrates a general schematic view of a circuit
200 formed with the hose assembly 12 to monitor its
degradation. The circuit 200 includes a monitoring circuit
202, which can be, in some embodiments, positioned on the
circuit board 102 of FIGS. 4 and 6-9. The monitoring circuit
202 includes a circuit element, illustrated as diode 204,
connected between the socket 34 and the nipple 32, thereby
connecting the diode between the first and second conduc-
tive layers 20, 24 of the hose 16. Although in this embodi-
ment a diode is shown, it is recognized that any circuit
element could be used, if it has a non-linear electrical
property which includes a non or low conducting state in
response to changed voltage.

In use, the monitoring circuit 202 can be used to detect an
electrical property of the hose, for example a resistance of
the hose. Although this could otherwise be tested by apply-
ing a voltage directly across the nipple 32 and socket 34, that
arrangement would be subject to false readings, because it
would obtain a false failure signal in case of a failed
connection between the voltage source and the hose assem-
bly 12 occurring at the electrical contacts 116a-b, 118a-b.
Accordingly, use of two or more readings at different voltage
levels for conducting and non-conducting states of a circuit
element 204 allows for verification that open-circuit condi-
tions are not the cause of a particular reading.

In general, it is noted that although the circuit 202 is
intended to monitor an electrical property of the first and
second conductive layers 20, 24, additional features of the
hose assembly 12 and monitoring assembly 14 contribute to
overall measurements made by a diagnostic unit. FIG. 11
illustrates a schematic representation of the overall circuit
200, including the various resistive effects introduced by the
hose assembly 12 and monitoring assembly 14. In this
illustration, the diode 204 is connected in parallel across the
hose assembly 12, which is represented by a hose resistance
206 (RHose)'

Additional resistances within the circuit 200 exist as well,
and are accounted for in the schematic view depicted in FIG.
11. These include resistance caused when the contacts
116a-b, 118a-b are electrically connected to the socket 34
and nipple 32. These resistances are represented by contact
resistances 216, 218 (Re,imers Reonracrzs respectively).
Additionally, resistance for the wires leading to a diagnostic
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unit are depicted as resistances 220, 222 (Rys,01, Rysres)s
since monitoring of the circuit response will typically occur
at the diagnostic unit.

In general, contact and wire resistances in hose assembly
and monitoring assembly are assumed to be constant during
the time and for the conditions in which hose resistance is
calculated. If the voltage/current characteristics of the circuit
element (e.g., diode) are known, then the remaining
unknown circuit values are the hose resistance 206 (R,..),
and a total resistance in the circuit 200. To obtain those two
values, two measurements can be performed to obtain read-
ings from which the unknown values can be derived. In
some embodiments, a first measurement occurs when the
diode 204 is in a conducting (e.g., forward-biased) state, and
a second measurement occurs when the diode 204 is in a
non-conducting (e.g., reverse-biased) state.

Although in the embodiments discussed herein the diode
is positioned at a connectorized end of a hose assembly, it is
recognized that the diode and/or contacts could be located
elsewhere along the hose, such as at an opposite end of the
hose assembly. Additionally, although in the embodiment
discussed herein it is noted that hose resistances are con-
sidered, a capacitive effect of the hose could be considered
as well, alongside a nominal contamination resistance pres-
ent due to noise from the contact assembly.

Referring now to FIG. 12, a schematic view of a diag-
nostic unit 300 is shown. The diagnostic unit 300 can be
used, for example to apply a stimulus to the circuit 200 of
FIGS. 10-11, and to derive an electrical characteristic for the
hose assembly 12. By taking repeated measurements of such
an electrical characteristic, changes over time can indicate
degradation of the hose 16 within the hose assembly 12.

In the embodiment shown, the diagnostic unit includes a
switching voltage source 302 connected to a first wire 304a
of a pair of wires 3044-b via a resistor 306 (Rg,_,;,,,)- In the
embodiment shown, the switching voltage source 302 is
capable of providing a +5V or -5V signal onto wires 304a-b,
by selectively applying a 5V source to one or the other of
wires 304a-b. However, in other embodiments, the switch-
ing voltage source 302 can include additional switches
and/or voltage levels or voltage dividers. In the example
shown, an additional resistor 312 (R, ,;,.») is selectively
incorporated into the circuit of the diagnostic unit 300 using
a voltage divider switch 311 to provide positive and negative
voltages of multiple levels onto wires 304a-b.

The pair of wires 304a-b lead from the diagnostic unit 300
to the circuit 200, and can for example represent an opposite
end of the wires extending to the diagnostic unit illustrated
in FIGS. 10-11. In some embodiments, the pair of wires
304a-b lead from a location of the hose assembly 12 to a
control panel, such as a panel within a cab of a vehicle on
which the hose assembly 12 is installed. Other routing
arrangements for the pair of wires 304a-b are possible as
well.

The diagnostic unit 300 also includes a voltage sensor 308
connected to an analysis unit 310. The voltage sensor 308 is
connected across the pair of wires 304a-b, and an output
indicating a current level within the circuit is passed to the
analysis unit 310 to perform one or more calculations to
determine an electrical characteristic for the hose assembly
12. The analysis unit 310 can take any of a number of forms.
In some embodiments, the analysis unit 310 is a program-
mable circuit configured to execute program instructions.
Embodiments of the analysis unit 310 can be practiced in
various types of electrical circuits comprising discrete elec-
tronic elements, packaged or integrated electronic chips
containing logic gates, a circuit utilizing a microprocessor,
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or on a single chip containing electronic elements or micro-
processors. In addition, aspects of the analysis unit 310, such
as the calculations discussed herein, can be practiced within
a general purpose computer or in any other circuits or
systems.

In the embodiment shown, and using the switching volt-
age source 302, and/or switched scalar resistors 306, 312
(using voltage divider switch 311), voltage sensor 308, and
analysis unit 310, two or more measurements can be taken
in a circuit such as circuit 200 of FIGS. 10-11. These
measurements can be taken using voltages having opposite
polarities (e.g., using the switching voltage source 302) or
having different voltages of the same polarity (e.g., using
voltage divider switch 311 with resistors 306, 312). For
example, a first measurement can be a measurement of
voltage (e.g., the output of voltage sensor 308) with a first
voltage having a magnitude and polarity for forward biasing
the diode. The second measurement can be a measurement
of current at the voltage sensor 308 with a voltage magnitude
and polarity for reverse-biasing the diode. Typically, the
second measurement can simply be a measurement using a
voltage of negative polarity to that used for the first mea-
surement, e.g., using the switching voltage source. Alterna-
tively, if the diode is replaced with another device or circuit
having a non-conducting state with a forward voltage level,
then a voltage of positive polarity can be used for the second
measurement. These measurements can be used to derive an
electrical characteristic, for example resistance, of a circuit
200, from which a hose resistance 206 (R,,,..) and contact
resistance 210 (R,,,,..,) can be derived.

In some embodiments in which more accurate resistances
are required, a third measurement can also be taken, which
will allow the characteristics of the diode to be better
calculated. For example, the third measurement can be a
measurement at a polarity for forward-biasing the diode, but
at a scalar resistance or voltage different from the voltage
used for the first measurement (e.g., using a voltage divider
circuit including switched scalar resistor 312 and voltage
divider switch 311). Additional details regarding the par-
ticular calculations capable of being performed using the
analysis unit are discussed below in connection with FIG.
13.

FIG. 13 is a representation of a method 400 for monitor-
ing the structural integrity of the hose assembly of FIG. 1.
The method 400 illustrates an example method for measur-
ing an electrical characteristic of a hose assembly 12 using
a circuit element having a non-linear response to voltage
and/or current. In some embodiments, and in the illustrated
example measurements discussed herein, the method 400
can be used in a circuit having a diode (e.g., diode 204)
connected across the nipple 32 and socket 34, thereby
connecting the diode between the first and second conduc-
tive layers 20, 24.

According to the embodiment shown, a first electrical
signal (e.g., voltage or current) can be applied across the
circuit element (step 402). In some embodiments, the first
electrical signal can be generated from a switching voltage
source 302, and can be configured such that the diode is
reverse-biased, e.g., an application of approximately -5 V. A
first electrical property of the hose assembly and monitoring
assembly (e.g., the collective circuit illustrated in FIGS.
10-11) can be determined (step 404) while the first electrical
signal is applied. The first electrical property can be, for
example, based on an observed voltage, using voltage sensor
308 of FIG. 12. In the example of circuit 200, above, when
the diode is reverse-biased, the observed voltage will allow
observation of an electrical characteristic total resistance
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based on the contact and wire resistances, as well as the hose
resistance 206 (R,,..). This is because the diode will
approximate an open circuit if connections are made prop-
erly to the hose assembly 12. This first total resistance (R,)

can be represented by the following equation:

R =Rc+Ry

A second measurement can be performed by applying a
second electrical signal across the circuit element (step 406)
such that the diode is forward-biased. In this arrangement,
the electrical property of the hose assembly and monitoring
assembly can again be determined while this second elec-
trical signal is applied (step 408). In the example circuit 200
including the diode 204, because that diode has a non-linear
relationship with respect to applied voltage, current will pass
through the diode and the diode will approximate a closed
circuit having some resistance component (R,,,) given the
diode characteristic of diode forward voltage (V,,) at diode
current (I,,). The resistance of the diode in this arrangement
can be represented by the following equation, where 1, is
the total current:

Vb2 Vb2
Rp,=—-= 7
In2 D2
Ir2 - Ry

The current through the diode 204 can be calculated using
a current divider equation, with a portion of current passing
through the diode and a portion passing through the hose
resistance (R, ,,). This current is represented by the equa-

ose.

tion:
Vb2
Ipp = Iy — —=
D2 T2 RH
Accordingly, resistance component (R,,) can be

expressed as:

Vb2 Vb2
Ro2= > =—v,
b2, Vo
Ry

A second total resistance (R,,) of the circuit will be a
combination of the contact resistance with the parallel hose
and diode resistances, represented as follows:

Ry XRpy
Ry + Rpy

Rra =Rc+

Because the total current (I, and I,,) through the circuit
200 can be calculated by the analysis unit 310 as (voltage
302 minus voltage sensor 308) divided by scalar resistance
306 and/or 312, the first and second total resistance (R, and
R ) can be calculated as voltage sensor 308 divided by total
current (I, and I,).

Following determination of the electrical characteristics
of the overall circuit, the analysis unit 310 can calculate an
electrical characteristic attributable to the hose assembly 12
(step 414). In the example above in which two measure-
ments are made, a hose resistance can be determined by
subtracting the second total resistance (R,,) (in which the

10

diode acted as a resistor in parallel with the hose resistance)
from the first total resistance (in which the diode acted as an
open circuit), according to the following equation:

Vb2

Iy — Y22
Ry XRpy _ 27 Ry
=Ry -
Ry +R,
H D2 RH+

Ry x

Rry —Rr2 =Ry —

Vb2

10
Iy — —22
TR

Solving for the hose resistance 206 (R

s0) Tesults in the
following equation:

15

Vb2
Ry =Rpi —Rp2 + T
T2

20
The assumed diode voltage can be used in the above

equation, or to achieve more accurate calculation of an
electrical characteristic of the hose assembly, an additional
measurement can be taken to calculate the forward diode
forward bias voltage (Vp,). In some embodiments, a third
measurement can be performed by applying a third electrical
signal across the circuit element (step 410) such that the
diode is forward-biased, but at a different voltage from the
second measurement of step 406. This can be accomplished,
for example, by switching in a lower or higher voltage
source, or by including a switch-activated scalar resister. In
this arrangement, the electrical property of the hose assem-
bly and monitoring assembly can again be determined while
this third electrical signal is applied (step 412). Total resis-
tance (R;5) is derived the same as total resistance (Rp,).

30

Ry X Rp;
Ry +Rpy

Ry XRps
Ry + Rps

Rrz = Rp3 =

40

VDZ VD3

Ry x Ry x
Vo M Vs
T2 RH ~ T2 RH

Vb2

Rrz = Rp3 =

Ry + Vos

Iy — —2 pLie)
[ Rn

45

Ry X Vpp Ry XVps
Ry XIr2—Vp2+Vpy Ry XIrs—Vps +Vps

Rr2 — Ry3 =

Ry X Vpy Ry X Vps
Ry xIr Ry xlIrs

Rrz = Rp3 =
50

V2 Vps

Ry —Rps =
T2 — K73 T I

In the diode example illustrated in FIGS. 10-11, a forward
bias voltage for the diode may be different in the second and
third measurements (V p,, Vp;), for example due to different
applied voltages. Therefore, rather than assuming that for-
ward bias voltages are the same at different diode excitation
levels (Vp,, Vps) it can be assumed that:

55

60
Vps=KxVpo

Where K is the increase in diode voltage caused by a
higher diode excitation, and I is the diode’s reverse bias
saturation current, then a diode equation can be used to
determine the following relationship between the diode
voltages:

65
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lnlﬁ
oo Vo _ I Inips —1nls
Vor | Io2  lnlpy —lulg

Is

If less accuracy is acceptable, K may be approximated as
a constant, or even as equal to 1.
So

KX Vp,

Irs

Vb2
Rr2 — Ry3 = e
2

Iry X I3 X (Rr2 — Ry3) = It3 X Vpo — I X K X Vp2
Iry X I3 X (Rr2 — Ry3) = (I3 — K X)X Vi

Vp2 = Vp3 + K = It X I3 X(Rr2 = R73) + (I13 — K X I12)

This calculated value of V,, can be used in the hose
resistance calculation as follows:

Vb2
Ry =Rri —Rp2 + T
T2

Referring now to FIG. 13 overall, it is recognized that the
two or more measurements and related calculations can be
performed periodically, with the calculated hose resistance
206 (R,,,.) or other electrical characteristic of the hose
tracked in the analysis unit 310. In such arrangements,
changes in the calculated hose resistance (e.g., a lower or
higher than expected resistance) may indicate impending
failure of the hose, for example due to a breakdown in one
or more layers 18-26 of the hose 16.

Detection of large contact resistance (R.), and consisting
also of wire resistance and monitoring unit connector and
switch resistances, is important for detecting failure of the
hose sensing circuit. R can be calculated from any of the
following equations:

Ry =Rc + Ry
Ry XR,
RT2:RC+ H D2
Ry + Rp»
Ry XRp3
Rrs =Rc+
T3 C RH+RD3

The above specification, examples and data provide a
complete description of the manufacture and use of the
composition of the invention. Since many embodiments of
the invention can be made without departing from the spirit
and scope of the invention, the invention resides in the
claims hereinafter appended.

The invention claimed is:

1. A hose degradation monitoring system comprising:

ahose assembly including a hose having a first conductive
layer and a second conductive layer;

a monitoring circuit in electrical communication with the
first and second conductive layers, the monitoring
circuit including a circuit element having a non-linear
electrical property in response to changed voltage, the
monitoring circuit mounted in a monitoring assembly
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including a circuit board electrically connected at con-
tacts to the first conductive layer and the second
conductive layer;

wherein the monitoring circuit includes a diagnostic unit

configured to apply a plurality of different voltages
across the circuit element, the plurality of different
voltages including at least a first voltage, a second
voltage, and a third voltage, and

wherein the monitoring circuit is further configured to

calculate an electrical characteristic of the hose assem-
bly based at least in part on electrical characteristics of
the hose assembly in response to the plurality of
different voltages while accounting for a resistance of
the contacts determined based at least in part on a
response to the non-linear electrical property of the
circuit element.

2. The hose fault detection system of claim 1, wherein the
diagnostic unit is located remotely from the hose assembly.

3. The hose fault detection system of claim 1, further
comprising a monitoring assembly including a housing and
a circuit board, the circuit board positioned in a channel of
the housing and including electrical contacts oriented toward
the hose assembly, the electrical contacts electrically con-
necting the monitoring circuit to the first and second con-
ductive layers.

4. The hose fault detection system of claim 1, wherein the
circuit element includes a diode connected across the first
and second conductive layers.

5. The hose fault detection system of claim 4, wherein the
diode has a resistance that changes non-linearly as a function
of voltage applied across the diode.

6. The hose fault detection system of claim 1, wherein the
monitoring circuit is at least partially incorporated in a
monitoring assembly mounted to the hose assembly.

7. A method of monitoring degradation of a hose assem-
bly, the method comprising:

applying a first voltage across a circuit element connected

between first and second conductive layers of a hose
assembly;

while applying the first voltage, detecting a first electrical

characteristic of the circuit element;

applying a second voltage across the circuit element, the

second voltage different from the first voltage;
while applying the second voltage, detecting a second
electrical characteristic of the circuit element;

applying a third voltage across the circuit element, the
third voltage different from the first and second volt-
ages;
while applying the third voltage, detecting a third elec-
trical characteristic of the circuit element; and

calculating an electrical characteristic of the hose assem-
bly based at least in part on the first and second
electrical characteristics.

8. The method of claim 7, wherein calculating the elec-
trical characteristic of the hose assembly is further based on
the third electrical characteristic.

9. The method of claim 7, wherein the second voltage is
a voltage opposite that of the first voltage.

10. The method of claim 7, wherein calculating an elec-
trical characteristic of the hose assembly comprises calcu-
lating a resistance of the hose assembly.

11. The method of claim 10, wherein the resistance of the
hose assembly is calculated using the equation:

Vb2
Ry =Rpi —Rp2 + T
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wherein R, is the resistance of the hose assembly, R, is
a combination of the resistance of the hose assembly
and a contact resistance, R, is a combination of the
contact resistance with a parallel resistance of the hose
assembly and a diode resistance, V, is the second
voltage, and I, is a total current.

12. The method of claim 7, further comprising calculating

an electrical characteristic of the circuit, wherein calculation
of an abnormal electrical characteristic of the circuit repre-
sents a circuit fault occurring in the monitoring assembly.

13. The method of claim 12, wherein the calculating the

electrical characteristic of the circuit comprises calculating
a large contact resistance.

14. A hose degradation monitoring system comprising:

ahose assembly including a hose having a first conductive
layer and a second conductive layer;

a monitoring circuit including a diode electrically con-
nected between the first conductive layer and the sec-
ond conductive layer, wherein the diode has a resis-
tance that changes non-linearly as a function of voltage
applied across the diode; and
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a monitoring assembly including a housing and a circuit

board, the circuit board positioned in a channel of the
housing and including electrical contacts oriented
toward the hose assembly, the electrical contacts elec-
trically connecting the monitoring circuit to the first
and second conductive layers;

wherein the monitoring circuit includes a diagnostic unit

configured to apply a plurality of different voltages
across the diode, the plurality of different voltages
including at least a first voltage, a second voltage, and
a third voltage, and

wherein the monitoring circuit further configured to cal-

culate an electrical characteristic of the hose assembly
based at least in part on electrical characteristics of the
hose assembly in response to the plurality of different
voltages while accounting for a resistance of the con-
tacts determined based at least in part on a response to
the non-linear resistance of the diode.
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